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ABSTRACT 
This thesis presents System Identification (SI) model development and controller 
design using Predictive Functional Control with Observer (PFC-O) algorithm for real-
time control of Intelligent Pneumatic Actuator (IPA). An application of Ankle-Foot 
Rehabilitation Exerciser (AFRE) device uses the IPA system. The plant mathematical 
model in discrete transfer functions was approximated using the MATLAB system 
identification toolbox for open-loop input-output experimental data. The SI process was 
conducted through a series of activities including observation and data gathering, Auto 
Regressive with Exogenous Input (ARX) model structure selection, model estimation, 
model validation and the implementation of PFC-O algorithm designed to prove the 
operation of IPA is acceptable. PFC-O algorithm was selected as a new control strategy 
for IPA to overcome the real-time nonlinearities and uncertain characteristics. PFC-O 
algorithm was used for position control, force control and realized compliance control 
for stiffness characteristic through MODBUS communication protocol. Performance 
assessment of the controller was programmed into MATLAB and validated through two 
real-time experiments: Personal Computer (PC) based (using National Instrument (NI) 
devices) and embedded based (using Programmable System on Chip (PSoC) 
microcontroller). The results between simulation, theoretical calculation and both real-
time experiment matched closely and achieved the control objectives. Towards the 
AFRE application, the IPA can be configured through MATLAB Graphical User 
Interface (GUI) via personal computer where user can adjust the required Range of 
Motion (ROM) and resistance in real-time. The AFRE system testing was conducted 
successfully on selected subjects for various ROM and resistance using the proposed 
algorithm. The significant finding demonstrates that the new PFC-O control algorithm 
reduces the control effort and gives better performance in terms of tracking accuracy as 
compared to the existing control algorithm. 
vi 
ABSTRAK 
Tesis ini membentangkan pembangunan model Pengenalpastian Sistem (SI) dan 
reka bentuk Kawalan Fungsian Ramalan dengan Pemerhati (PFC-O) algoritma untuk 
kawalan masa nyata Penggerak Pneumatik Pintar (IPA). Aplikasi peranti Senaman 
Pemulihan Buku Lali-Kaki (AFRE) menggunakan sistem IPA itu. Model matematika 
dalam rangkap pindah diskret telah dianggarkan menggunakan kotak alat 
pengenalpastian sistem MATLAB untuk gelung-buka masukan-keluaran data 
eksperimen. Proses SI telah dijalankan melalui satu siri aktiviti termasuk pemerhatian 
dan perhimpunan data, pemilihan struktur model Auto Regresif bersama Input Luaran 
(ARX), penganggaran model, pengesahan model dan implimentasi PFC-O algoritma 
direka untuk membuktikan operasi IPA boleh diterima. PFC-O algoritma dipilih sebagai 
strategi kawalan baru untuk IPA bagi mengatasi parameter tak lelurus masa sebenar dan 
ciri-ciri yang tidak menentu. PFC-O algoritma digunakan untuk kawalan kedudukan, 
kawalan kuasa dan sifat kawalan kelembutan direalisasikan melalui protokol komunikasi 
MODBUS. Penilaian prestasi pengawal diprogramkan ke MATLAB dan disahkan 
melalui dua ujikaji masa nyata: berdasarkan Komputer Peribadi (PC) (dengan 
menggunakan peranti Instrumen Nasional (NI)) dan berdasarkan terbenam 
(menggunakan mikropengawal Sistem Atur Cara pada Cip (PSoC)). Keputusan antara 
simulasi, pengiraan teori dan ujikaji kedua-dua masa nyata dipadankan dan mencapai 
objektif kawalan. Bagi mencapai aplikasi AFRE, IPA boleh dikonfigurasikan menerusi 
grafik Antara Muka Pengguna (GUI) MATLAB melalui komputer peribadi di mana 
pengguna boleh menyesuaikan Julat Pergerakan (ROM) yang diperlukan dan rintangan 
dalam masa nyata. Ujian sistem AFRE yang telah dijalankan ke atas subjek yang dipilih 
untuk pelbagai ROM dan rintangan berjaya menggunakan algoritma yang dicadangkan. 
Penemuan penting menunjukkan kawalan algoritma PFC-O baru dapat mengurangkan 
usaha kawalan dan memberikan prestasi yang lebih baik dari segi ketepatan pengesanan 
berbanding dengan pengawal algoritma sedia ada. 
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1 
CHAPTER 1 
INTRODUCTION 
1.1 Research Background 
Actuators that can process information from an input given and control the 
output independently are highly demanded in applications of mechatronics. Pneumatic 
actuating system is normally chosen because of their advantages of high power-to-
weight ratio, lightweight, comparative low cost, easy maintenance and having a simple 
structure. Moreover, pneumatic actuators are safe and reliable. They are relatively small 
in size compared to hydraulic actuators. They have fast response, and at high 
temperatures and in nuclear environments, they have the added advantages over 
hydraulic actuators. Pneumatic systems have many attributes that make them attractive 
for use in difficult environments: gases are not subjected to the temperature limitations 
of hydraulic fluids; the actuator exhaust gases need not be collected, so fluid return lines 
are unnecessary and long term storage is not a problem because pneumatic systems are 
virtually dry and have no organic materials. 
 
Pneumatic systems were first created in the 16th century. Since then, many 
developments have been done to the pneumatic actuators to suit the different automation 
and industrial purposes according to the desired accuracy and performance and to the 
amount of force that is needed for each particular application. In the 20th century, 
complex and intelligent pneumatic systems have been developed. The intelligent 
pneumatic plant used in this research was taken from previous researches by 
